With respect to multiple attribute decision making problems with interval-valued intuitionistic fuzzy information, some operational laws of interval-valued intuitionistic fuzzy numbers, score function and accuracy function of interval-valued intuitionistic fuzzy numbers are introduced. An optimization model based on the ideal solution and min-max operator, by which the attribute weights can be determined, is established. We utilize the interval-valued intuitionistic fuzzy weighted arithmetic averaging (IIWAA) operator to aggregate the interval-valued intuitionistic fuzzy information corresponding to each alternative, and then rank the alternatives and select the most desirable one(s) according to the score function and accuracy function. Finally, an illustrative example is given to verify the developed approach and to demonstrate its practicality and effectiveness.
Introduction
Atanassov [1, 2] introduced the concept of intuitionistic fuzzy set(IFS), which is a generalization of the concept of fuzzy set [3] . The intuitionistic fuzzy set has received more and more attention since its appearance. Gau and Buehrer [4] introduced the concept of vague set. But Bustince and Burillo [5] showed that vague sets are intuitionistic fuzzy sets. In [6] , Xu developed some geometric aggregation operators, such as the intuitionistic fuzzy weighted geometric (IFWG) operator, the intuitionistic fuzzy ordered weighted geometric (IFOWG) operator, and the intuitionistic fuzzy hybrid geometric (IFHG) operator and gave an application of the IFHG operator to multiple attribute group decision making with intuitionistic fuzzy information. In [7] , Xu developed some arithmetic aggregation operators, such as the intuitionistic fuzzy weighted averaging (IFWA) operator, the intuitionistic fuzzy ordered weighted averaging (IFOWA) operator, and the intuitionistic fuzzy hybrid aggregation(IFHA) operator. Later, Atanassov and Gargov [8] [9] further introduced the interval-valued intuitionistic fuzzy set (IVIFS), which is a generalization of the IFS. The fundamental characteristic of the IVIFS is that the values of its membership function and nonmembership function are intervals rather than exact numbers. In [10] , Xu developed some arithmetic aggregation operators, such as the interval-valued intuitionistic fuzzy weighted averaging (IIFWA) operator, the interval-valued intuitionistic fuzzy ordered weighted averaging (IIFOWA) operator, and the interval-valued intuitionistic fuzzy hybrid aggregation (IIFHA) operator and gave an application of the IIFHA operator to multiple attribute group decision making with interval-valued intuitionistic fuzzy information. In [11] , Xu developed some geometric aggregation operators, such as the interval-valued intuitionistic fuzzy weighted geometric aggregation (IIFWGA) operator and the interval-valued intuitionistic fuzzy geometric aggregation (IIFGA) operator and gave an application of the IIFWGA and IIFGA operators to multiple attribute group decision making with interval-valued intuitionistic fuzzy information.
Multiple attribute decision making (MADM) has been one of the fastest growing areas during the last decades depending on the changings in the business sector. Decision maker(s) need a decision aid to decide between the alternatives and mainly excel less preferable alternatives fast. Especially in the last years, where computer usage has increased significantly, the application of MADM methods has considerably become easier for the users. In the recent years, MADM has received a great deal of attention from researchers in many disciplines [12] [13] [14] [15] [16] [17] [18] .
In the process of MADM with interval-valued intuitionistic fuzzy information, sometimes, the attribute values take the form of interval-valued intuitionistic fuzzy numbers, and the information about attribute weights is incompletely known because of time pressure, lack of knowledge or data, and the expert's limited expertise about the problem domain. All of the above methods, however, will be unsuitable for dealing with such situations. Therefore, it is necessary to pay attention to this issue. The aim of this paper is to develop a method, based on the ideal solution and min-max operator, to overcome this limitation.
The remainder of this paper is set out as follows. In the next section, we introduce some basic concepts related to intuitionistic fuzzy sets and interval-valued intuitionistic fuzzy sets. In Section 3 we introduce the MADM problem with interval-valued intuitionistic fuzzy information, in which the information about attribute weights is incompletely known, and the attribute values take the form of interval-valued intuitionistic fuzzy numbers，An optimization model based on the ideal solution and min-max operator, by which the attribute weights can be determined, is established. We utilize the interval-valued intuitionistic fuzzy weighted arithmetic averaging (IIWAA) operator to aggregate the interval-valued intuitionistic fuzzy information corresponding to each alternative, and then rank the alternatives and select the most desirable one(s) according to the score function and accuracy function. In Section 4, an illustrative example is pointed out. In Section 5 we conclude the paper and give some remarks.
Preliminaries
In the following, we introduce some basic concepts related to intuitionistic fuzzy sets and interval-valued intuitionistic fuzzy sets. Definition 1. Let X be a universe of discourse, then a fuzzy set is defined as:
Which is characterized by a membership function
μ denotes the degree of membership of the element x to the set A [3] .
Atanassov extended the fuzzy set to the IFS, shown as follows:
Where [ ] respectively, the membership degree and nonmembership degree of the element x to the set A [1, 2] .
is called the degree of indeterminacy of x to A [1, 2] . Definition 4. Let X be a universe of discourse, An IVIFS A % over X is an object having the form [8] [9] : 
be an intervalvalued intuitionistic fuzzy number, a score function S of an interval-valued intuitionistic fuzzy value can be represented as follows [10] [11] :
be an intervalvalued intuitionistic fuzzy number, a accuracy function H of an interval-valued intuitionistic fuzzy value can be represented as follows [10] [11] :
to evaluate the degree of accuracy of the interval-
The larger the value of 
by a b < % % [10] [11] .
intuitionistic fuzzy values, and let IIWAA: operator [10] [11] . Especially, if ( )
then IIWAA operator is reduced to the intuitionistic fuzzy arithmetic aggregation (IIAA) operator, which is defined as follows [10] [11] :
, , ,
be two collections of interval-valued intuitionistic fuzzy values, then the weighted hamming distance between
is defined as follows: , , ,
Interval-valued intuitionistic fuzzy decision making problems with incomplete weight information
The following assumptions or notations are used to represent the interval-valued intuitionistic fuzzy MADM problems with incomplete weight information: 
, , , (9) the overall value of the alternative In the situation where the information about attribute weights is completely known, i.e., each attribute weight can be provided by the expert with crisp numerical value, we can weight each attribute value and aggregate all the weighted attribute values corresponding to each alternative into an overall one by using Eq. 
be the ideal point of attribute values, defined as follows
In the real life, there always exist some differences between the vector of attribute values corresponding to ideal point and the vector of attribute values corresponding to the alternative ( ) 
under the condition w H ∈ , where H is the set of the known weight information defined as in Section 3. In order to do that, we establish the following multiple objective optimization model: 
, , , n r r r r Step 2. If the information about the attribute weights is partly known, then we solve the model (M-2) to obtain the attribute weights.
Step 3. Utilize the weight vector ( )
, , , n w w w w = L and by Eq. (9), we obtain the overall values
Step 4. calculate the scores 
Step 6. End.
Illustrative example
Let us suppose there is an investment company, which wants to invest a sum of money in the best option (adapted from [25] 
The information about the attribute weights is partly known and the known weight information is given as follows: A .
Conclusions
In this paper, we have investigated the problem of MADM with incompletely known information on attribute weights to which the attribute values are given in terms of interval-valued intuitionistic fuzzy numbers. To determine the attribute weights, an optimization model based on the ideal solution and min-max operator, by which the attribute weights can be determined, is established. We utilize the intervalvalued intuitionistic fuzzy weighted arithmetic averaging (IIWAA) operator to aggregate the intervalvalued intuitionistic fuzzy information corresponding to each alternative, and then rank the alternatives and select the most desirable one(s) according to the score function and accuracy function. Finally, an illustrative example is given. In the future, we shall continue working in the application of the interval-valued intuitionistic fuzzy multiple attribute decision-making to other domains.
